This study reports data on arsenic speciation in two green algae species (Cladophora sp. and 12 Chara sp.) and in five aquatic plants (Azolla sp., Myriophyllum aquaticum, Phylloscirpus cf. 
30
-One sample (Cladophora sp.) presented hyperaccumulation of As (11,000 mg As kg -1
INTRODUCTION 35
The Antofagasta Region (northern Chile) has high environmental levels of arsenic (Queirolo, et 36 al., 2000a) . The only river in the region that flows into the sea is the Loa, an extremely saline 37 river. Dissolved arsenic content in the Loa and its tributaries range from 200 to 4,400 µg As L -5 -about 1,000 mg -1 were prepared in water, except for arsenite, which was dissolved in NaOH (4 131
, Merck, Suprapure), and all were stored in the dark at 4°C to prevent decomposition or 132 oxidation. Multispecies standard working solutions covering the range 1 -100 µg As L -1 were 133 prepared fresh daily for speciation analysis. Arsenate standard solution from NIST High-Purity 134
Standards with a certified concentration of 1,000 ± 2 mg As L -1 was used for external 135 calibration in the determination of total arsenic content with ICP-MS. An aliquot of freeze-136 dried extract of Fucus serratus dissolved in water (Madsen, et al., 2000) , and the Standard Reference Material (SRM) 1640 for natural water 142
were used for internal quality control purposes in total arsenic determinations. 143
Instruments 144
A Perkin Elmer system of Flow injection hydride generation atomic absorption spectrometry 145 (FI-HG-AAS), Model AAnalyst 700 and FIAS 400, was used for total As in water, under the 146 following conditions: sample loop 0.5 mL; reducing agent, 0.5% NaBH 4 in 0.125% NaOH at 5 mL 147 min -1 ; 10% HCl, at 10 mL min -1
; and argon at 100 mL min -1 as carrier gas for the FI system. An 148
As electrodeless discharge lamp and electric oven temperature for the quartz cell at 900°C was 149 used in AAS. 150
Algae and aquatic plants and CRM Sea Lettuce were digested in a closed microwave digestion 151 system, Milestone Ethos Touch Control. The ICP-MS analyses were performed through an 152 Agilent 7500ce ICP-MS (Agilent, Germany) with Ari Mist HP nebulizer (Burgener, Canada). The 153 chromatographic system consisting of an Agilent 1200 LC quaternary pump, equipped with an 154 autosampler and degasification module, was connected to an analytical PRP-X100 (Hamilton, 155 USA) and Zorbax SCX300 (Agilent, Germany). Both columns were protected with their 156 respective guard column. The Instrument operating conditions of LC-ICP-MS and arsenicals 157 that are separated with each chromatographic system are given in Table 2 . 158 159
Procedures 160

Sample collection and preparation 161
In June 2010, the Analytical and Environmental research group of the Chemistry Department 162 of the Católica del Norte University (Antofagasta, Chile) collected samples of water and of the 163 -6 -dominant species of both algae and plants from eight sites along the Loa River and its 164 tributaries, San Pedro, Salado and San Salvador (Figure 1) 
Determination of total As in water 179
Total arsenic content in water samples was determined after microwave acidic digestion, using 180 a closed-vessel system as follows: a 45 mL water sample was placed into the pre-cleaned 181
EasyPrep
TM vessels and 9 mL of 65% nitric acid and 3 mL of 40% hydrogen peroxide were 182 added for digestion. The program for addition was as follows: 10 min at room temperature, 10 183 min from room temperature to 200°C and 15 min maintained at 170°C. After cooling, digested 184 samples were filtered through ash-free filter papers (Whatman 42) into a 100 mL volumetric 185 flask and 5 mL of 50% HCl and 5 mL of reducing solution (5% KI + 5% ascorbic acid) were 186 added. After 30 min, the resulting solution was diluted to volume with 50% HCl. Blanks were 187 also prepared for each batch sample. Total As was measured by FI-HG-AAS under the 188 conditions described in Instruments. 189 ) was used as an internal 218 standard. Samples were quantified by external calibration method. For quality control 219 purposes, the calibration curve was run before, within and after each sample series 220 measurement. 221
Quality assessment in the determination of arsenic and arsenic species 222
Column recovery 223
Column recovery was calculated as the ratio of the sum of the species eluted from the 224 chromatographic columns to the total arsenic in the extract injected into the column. Column 225 recoveries ranged between 60% and 100% (Table 3) . This parameter allows to evaluate 226 correctly the quantification of the species and to guarantee the correct chromatographic 227 separation. 228 -8 -
Certified reference material (CRM) 229
To check accuracy, total arsenic concentration was determined in CRM BCR 279 Sea lettuce 230 (Ulva lactuca). The result obtained (2.9 ± 0.3 mg As kg Extraction efficiency: 57%; Column recovery: 81%) and those reported in the literature do not 236 disagree (Caumette, et al., 2011; Foster, et al., 2007) . 237
Analysis of F. serratus extract 238
We used an extract from the brown seaweed F. serratus (Madsen, et al., 2000) to identify 239 arsenosugars present in our algae samples. For quality control purposes, we quantified As 240 
Quantification of arsenic species without standard 245
Standards were not used for some arsenic species since they were not offered. Using 246 calibration curves form others species is a controversial point as nebulization efficiency might 247 be different for each compound (Entwisle and Hearn, 2006; Polya, et al., 2003) ; however, we 248 quantified PO 4 -sug with the MA calibration curve, SO 3 -sug and SO 4 -sug with the As(V) 249 calibration curve, and gly-sug with the calibration curve of the AC standard as other authors 250 suggested (Francesconi and Sperling, 2005) . 251
Limit of Detection (LOD) and Limit of Quantification (LOQ) 252
LOD and LOQ were estimated. The former is the lowest concentration of an analyte that can 253 be reliably differentiated from background noise (signal-to-noise ratio greater than 3). The 254 LOQ is the lowest concentration that can be quantified (signal-to-noise ratio greater than 10). 255
For calculating LOD and LOQ, the standard deviation of the base line and the peak base of each 256 analyte multiplied by 3 or 10 (LOD and LOQ respectively) were calculated in the peak height 257 
Surface water characteristics 263
Coordinates and water characteristics are shown in Table 1 
Total arsenic in algae and aquatic plants 279
Results of total arsenic and arsenic species found in the algae and aquatic plants, limits of 280 quantification and detection, extraction efficiency and column recoveries are given in Table 3 . 281
Each of the values shown in the tables is the mean of three replicates. 282
Total arsenic content determined in various species of algae and aquatic plants varied along 283 the river course and ranged from 20 to 341 mg As kg -1 (Table 3 ), but this range was greatly 284 exceeded in an algae sample (Cladophora sp.: 11,100 mg As kg . A similar figure was seen in a study comparing the same 290 -10 -algal species with some aquatic plants in a freshwater environment (Schaeffer, et al., 2006) . 291
The differences in arsenic concentration between samples might be due either to the fact that 292 P. cf. deserticola is a vascular plant and Cladophora sp. is a filamentous alga, or to differences 293 in the habitat where samples were collected. Cladophora sp. lives submerged in water, 294 whereas the analyzed samples of P. cf. deserticola were only aerial stems, not submerged 295 roots and stems. Data on arsenic content in algae and freshwater plants of the same genus as 296 in the present study but from different locations are summarized in Table 4 for comparison 297 purposes. Algae and aquatic plants growing in the Loa River Basin survive in an environment 298 with high arsenic content, meaning that these species have developed arsenic tolerance 299 mechanisms (which may vary between species). In general, hyperaccumulating plants can 300 concentrate some elements in their tissues up to 0.1% of their dry weight. Of the species 301 analyzed, Cladophora sp. is able to hyperaccumulate arsenic (1.11% of dry weight) and would 302 be a good candidate for bioremediation studies. With this aim in mind, bioaccumulation 303 coefficients (BC) were estimated as the ratios of total arsenic in the sample to the arsenic in 304 Table 5 ). Cladophora sp. shows 305 remarkable differences between SA-1 (13,910) and SS-1 (152), whereas arsenic concentration 306 in water at SA-1 is lower than at SS-1 (see Table 1 ). This behavior could be explained by 307 including phosphorous, since the ratio As:P in soil and water affects intake, distribution and 308 speciation due to the chemical analogy between arsenate and phosphate (Wang, et al., 2002) . 309
water, according to Robinson et al. (2006a) (values shown in
In the present study, as differences in phosphate concentration were found between the 310 water samples (see Table 1 ), the highest BC (the highest uptake of arsenate) was obtained with 311 the data from the site with low phosphate concentration. Thus, the increase in phosphate in 312 the water appears to result in a decrease in arsenic uptake. 
Arsenic speciation 314
Results of arsenic speciation, limits of quantification and detection, extraction efficiency and 315 column recoveries are given in Table 3 . 316
Extraction efficiencies (calculated as the ratio of total As in the extract to total As from acidic 317 digestions) ranged from 5% to 126%. Rubio et al. (2010) reported a wide range of extraction 318 efficiencies among algae and plants with different extracting agents (6%-108%). Water is a 319 good extracting agent, since it enters the sample matrix and extracts the compounds 320 determined in the present study, as these are very polar and soluble in water (Francesconi and 321 Kuehnelt, 2004) . Low extraction efficiencies are related to the presence of non water-soluble 322 arsenicals like arsenolipids (Francesconi, 2003) , and to arsenic bound to cell components or 323 proteins, which are not extracted by soft extractants such as water (Koch, et al., 2000) . arsenic compound might make it difficult to quantify minor species that elute with a similar 337 retention time. As an example, Figure 2 shows an anionic and a cationic exchange 338
chromatogram of extracts of P. pectinatus (LO-4) and Chara sp. (LO-2). 339
Column recovery values, calculated as the ratio of the sum of arsenicals eluted from the 340 column to the arsenic injected in the column, are shown in Table 3 . Anionic column recoveries 341 ranged from 60% to 96%; and cationic ones, from 75% to 100%. 342
It is interesting to notice that samples from TO-1 and SA-1 present the same speciation patters 343 despite being different taxa of aquatic plants. These results might suggest that arsenic uptake, 344 transformation and accumulation in plants and algae growing under chemical stress depend on 345 the environmental conditions rather than the biological species (Kabata-Pendias, et al., 1997). 346
Diatoms were present in all algae (Chara sp. and Cladophora sp.) and in P. pectinatus (LO-3). 347
Therefore, the possible influence of adsorbed diatoms on samples was examined. However, 348 this seems to have had no effect on extraction efficiency, since samples had both low (5%) and 349 high ratios (76%). Nor was any correlation between occurrence of diatoms and total arsenic 350 and arsenical concentrations found (see Table 4 ). 
CONCLUSIONS 354
This is the first study of arsenic speciation in algae and freshwater plants from the Loa River 355
Basin (northern Chile). Samples had a wide range of concentrations of total arsenic, from 20 to 356 341 mg As kg -1 (d.w.), except for one algal sample with 11,100 mg As kg TDS= total dissolved solids; < =below detection limit 2 
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